The optical spectrum of the early-B hydrogen-de cient star LS IV+6 2 has been analysed. With T e = 31 000K; logg = 4:05; n H 10 ?4 ; n C 0:1, it is the hottest highgravity extreme helium star yet studied. The He i spectrum shows all predicted permitted and forbidden transitions in absorption. LS IV+6 2 is a comparatively metal-rich EHe star; abundances of C, N, O, Ne, Mg, Al, and P, are typical of other EHes, whilst Si and S are somewhat de cient. With the surface parameters given, LS IV+6 2 lies close to the boundary of the helium-star pulsation instability nger near T e 27 000K. Available data indicate that the radial-velocity is variable, but give no indication of amplitude or period.
INTRODUCTION
The star LS IV+6 2 (V = 12:2; 2000 = 18 06 55:3; 2000 = +06 21 46) was found to be hydrogen-de cient by Drilling during a spectroscopic survey of OB+ objects close to the Galactic plane (cf. Drilling 1980) . The rst high-resolution spectrum of LS IV+6 2 (Je ery et al. 1987) showed significant He ii and broad He i lines and indicated that it was intermediate in e ective temperature and surface gravity between the extreme helium stars (EHes) (Je ery 1996) and the hydrogen-de cient hot subdwarfs (Husfeld et al. 1989) . The He i lines indicated that LS IV+6 2 should be similar in luminosity to the pulsating helium stars V652 Her and LSS 3184. Since all extremely helium-rich stars objects are rare and no two are the same, determining accurate photospheric parameters for each remains a priority and provides vital data for understanding their evolutionary origin and pulsational properties. Of particular interest is whether the EHes are the products of a binary merger or of a late helium ash, and what determines the boundaries of the pulsation instability nger at 27 000K (Saio 1995) . This paper provides an analysis of the atmospheric properties of LS IV+6 2, and discusses the remarkable spectrum due to permitted and forbidden He i. A more general discussion of the abundance properties and evolutionary status of EHes will be presented in a subsequent paper.
? Based on observations obtained at the European Southern Observatory, La Silla, Chile, and with the IUE satellite retrieved from the IUE archive at the World Data Centre, Rutherford Appleton Laboratory, UK
OBSERVATIONS
A high-resolution blue-visual spectrum of LS IV+6 2 was obtained by U. Heber using CASPEC, a Cassegrain echelle spectrograph, on the ESO 3.6m telescope at La Silla, Chile, on 1987 April 18 at 07:30 UT, with a mean resolution R 3:10 4 and wavelength coverage 3972 { 4991 A. The data reduction has been described by Je ery & Heber (1992) . The spectrum includes absorption lines of H, He i,ii, C ii,iii, N ii,iii, O ii, Ne ii, Mg ii, Al iii, Si ii,iii,iv, P iii, and S iii. Weak lines of S ii, P iv and A ii may also be present. The heliocentric radial velocity was measured from six Si iii lines and one Si iv line to be -28:0 2:1 km/s.
A total of nine intermediate-resolution blue-visual spectra of LS IV+6 2 were obtained by the author during May/June 1988 and May 1995, using the SAAO 1.9m telescope, Image Tube Spectrograph and the Reticon Photon Counting System. The resolution of the spectra (2 ) was 8500 between 3900 and 4500 A. The exposure time for each observation was 10 ? 15 minutes, wavelength calibration spectra were obtained before and after each stellar observation. Spectra were background subtracted, wavelength calibrated, linearized and normalized. Low-dispersion ultraviolet spectra were obtained with the International Ultraviolet Explorer on 23 April 1989, using both SWP and LWP cameras. Image numbers SWP36075L, SWP36076L, LWP15400L and LWP15401L were recovered from the IUE Uniform Low Dispersion Archive at the Rutherford Appleton Laboratory. The spectra have been combined and corrected for sensitivity degradation of the cameras (Clavel et al. 1986 , Bohlin & Grillmair 1988 . These data were supplemented by optical photomec 0000 RAS 
ATMOSPHERIC ANALYSIS
Atmospheric ne analysis is an iterative process which seeks a simultaneous solution for e ective temperature, surface gravity, microturbulent velocity and elemental abundances. The latter feed back directly into the calculation of model atmospheres, whose structure is controlled by the hydrogen, carbon and heavier metal abundances. The method used here closely follows that adopted in previous studies (Je ery & Heber 1992 , Je ery 1993 . The principal assumptions are that the atmosphere is plane-parallel, homogeneous, and in hydrostatic, radiative and local thermal equilibrium (LTE). A grid of line-blanketed model atmospheres was calculated with Te = 26 000; 28 000; 30 000; 32 000; and 35 000K, log g = 3:5; 4:0; 4:5 (cgs), nC = 0:001; 0:003; 0:01 (relative carbon abundance by number), nH = 0:0001, nHe = 0:99, and other elements having solar abundance.
The microturbulent velocity was determined by minimizing the absolute gradient of derived abundances with respect to the corresponding line equivalent widths. A total of 83 lines of C ii (9 lines), C iii (13 lines), N ii (32 lines), N iii (15 lines) and O ii (14 lines) was used, yielding a mean microturbulent velocity vt = 9 1km/s. Microturbulence leads to an intrinsic line broadening comparable with the instrumental broadening.
These lines, in addition to lines of Si iii and Si iv were used to satisfy the ionization equilibrium condition for C ii/iii, N ii/iii and Si iii/iv in order to constrain Te as a function of log g (Fig. 1 ).
It will be seen that the ionization equilibrium for C ii/iii indicates Te approximately 2 000 K lower than other mea- sures of the ionization equilibrium. A substantial e ort was made to determine the reason for this. In the rst place, C ii lines are frequently both strong and close to other C, N and O lines, making the measurement of equivalent widths for isolated C ii di cult. Lines used in the analysis were carefully selected to avoid such problems. The result is insensitive to the carbon abundance used in the model atmospheres. Synthetic spectra were calculated with and without the assumption of LTE using the line-formation codes detail and surface (Butler & Giddings 1985) , atomic data for carbon (Eber & Butler 1988) and LTE model atmospheres. Many nLTE pro les are stronger than the LTE proles at 28 000K, becoming relatively weaker with increasing Te (Fig. 2 ). This would result in a higher value for Te , consistent with the discrepancy observed. Di erences between detail/surface and the LTE line-formation code spectrum used elsewhere in this study make it impossible to compare the results directly. Other EHes (e.g. BD?9 4395, Je ery & Heber 1992) show anomalous behaviour in their C ii spectra, probably due to recombination in a circumstellar shell. In the case of LS IV+6 2, there is no evidence of a recombination spectrum, and it is apparent that a more extended study of nLTE e ects in hot EHes is important. Meanwhile, the nal carbon abundance ( nC = 0:007) has been derived as a natural average of the C ii and C iii abundances obtained using the nal model adopted for LS IV+6 2. Line pro les were calculated for the di use helium lines (Fig. 3) , providing excellent additional density diagnostics. The more isolated 2 3 P 0 ? n 3 P 0 transitions should behave similarly, but 4517.4 A is in a crowded region of spectrum. The numerical broadening pro les adopted here do not include 4045.2 A, otherwise they include all of the forbidden components cited explicitly above. New and improved calculations (Beauchamp et al. 1997 ) provide more comprehensive broadening data for these and additional He i lines but, where these overlap, are not signi cantly di erent from the adopted data. Two sharp He i lines (2 3 P 0 ? 5 3 S 4121 A, Table 2 . Atmosphericabundancesof LS IV+6 2 comparedwith other EHe and R CrB stars. Abundances are given (i) as logn, normalised to log n = 12:15 and (ii) as X=F e] log( n X = n Fe )? ? log(n X = n Fe ) . Fernley et al. (1987) . LS IV+6 2 shows lines from the He ii Pickering series. All are broad and shallow, and were not recognized during the data reduction process. Blaze function removal involved the identi cation of many regions of continuum in each echelle order, some of which would have been located in the broad wings of the He ii lines. This would have led to the normalization of parts of the line wings. However, it is instructive to compare model pro les for He ii 4859 A and He ii 4542 A with the observations, not least because it helps to constrain the hydrogen abundance (Fig. 3) . Broadening data have been taken from Sch oning & Butler (1989) . The theoretical models lead to surface gravities too high when compared with the He i pro les, consistent with the overnormalization explained above. He ii 4686 A (Fig. 3 ) is an extremely temperature sensitive line and a key diagnostic in this analysis. Together with the He i line pro les, it constrains the e ective temperature to 32 000 1 000K.
The coincidence of the He i and He ii 4686 A line ts and the ionisation equilibria for N ii/iii and Si iii/iv was used to determine the nal model parameters (Fig. 1) , being Te = 31 800 800K; log g = 4:05 0:10, with log L=M = 3:36. For reasons already discussed, the C ii/iii equilibrium and the He ii Pickering line pro les were not included in arriving at this result. Errors re ect the disparity between N ii/iii and Si iii/iv equilibria ( Te ) and the level of agreement between ve He i line pro les ( log g). Assuming that the stellar interior consists of a degenerate CO core surrounded by a He-burning shell, a core mass M 0:54 M and luminosity log L=L 3:1 may be estimated (Je ery 1988) .
The atmospheric parameters thus obtained may be compared with the observed ux distribution. This is only a consistency check because longward of 1200 A, the ux distribution of stars with Te signi cantly greater than 30 000K is quite insensitive to small changes in Te . A comparison with model ux distributions reddened by varying amounts con rmed this, but tightly constrained the reddening to EB?V = 0:20+( Te =100 000?0:3) 0:01 : 30 000 Te 35 000). There are no abnormalities in the extinction around the interstellar 2175 A bump. The apparent angular diameter is = 1:3 10 ?11 radians, giving a distance at the estimated luminosity of d = 1:8kpc.
For Te > 25 000K, the e ects of departures from LTE on the thermal structure of a stellar atmosphere become increasingly important. This problem has been studied in detail for H-rich atmospheres (e.g. Anderson & Grigsby 1991 , Napiwotzki 1997 , but helium-rich atmospheres with Te < 50 000K are relatively neglected. One reason is that, with continuous opacities, models have very poor convergence properties (e.g. Rauch 1996) . The adoption of LTE in this analysis provides abundances which are consistent and comparable with those of other extreme helium stars, which is of great importance in considering their evolutionary status.
PHOTOSPHERIC ABUNDANCES
The hydrogen abundance is given by H , which appears with an equivalent width of 11m A in the red wing of He i 4859 A. This provides a relative hydrogen abundance (by number) nH = 6:10 ?5 . A feature at 4340.3 A with an equivalent width of 40m A may be due to H . The apparent weakness of the observed He ii 4339 A line (compared with the predicted pro le) would lead to an overestimate of the H equivalent width by a factor of two. H is undetected. From the combination of H and H , an upper limit of nH < 1:0 +1:5 ?0:5 :10 ?4 is concluded. Final abundances for all other species are derived by comparing observed equivalent widths with curves of growth calculated for each line from the model atmosphere with Te = 32 00K; log g = 4:0; nC = 0:01 and a microturbulent velocity of 9 km/s. The abundance for each atomic species was obtained using lines largely free from blends, data are given in an appendix. The mean photospheric abundances of LS IV+6 2 are shown in Table 2 , where they are given in two forms: (i) the logarithm of relative abundance by number (ni=ntotal) normalized such that log i ini = 12:15 and (ii) the excess of atom to iron ratio over the solar value X=Fe] log( nX= nFe)? ? log( nX= nFe) . The latter are compared with those of other extreme helium stars (Jeffery 1996) and of the cooler hydrogen-de cient R CrB stars (Lambert et al. 1997 .
Whilst, LS IV+6 2 represents one of the more metalrich of the extreme helium stars, its composition is very typical of the group as a whole. Its surface consists of material which includes some unprocessed hydrogen, is predominantly helium, and contains some material resulting from helium-burning. In common with other EHes, the N/Fe] ratio implies that all of the current N could be the product of CN-and ON-cycled material (Je ery 1996) . In contrast, the higher N/Fe] ratio found in RCrB stars would appear to require additional N production (Lambert et al. 1997 .
LS IV+6 2 also shows very high abundances of Ne and P relative to the total mixture. In the case of neon, previous measurements were based on Ne i lines in the red, and were considered subject to non-LTE e ects (cf. Peg, Peters 1976). However, the LS IV+6 2 measurement is based on high-lying Ne ii transitions in the blue, and is unlikely to lead to an identical result unless the very large Ne overabundance in EHes is genuine. The source of this excess Ne is puzzling. A signi cant amount of 3 -processed C is present, so some Ne will have been produced prior to 3 ignition by the reaction 14 N( ; ) 18 F( + ) 18 O( ; ) 22 Ne. However, since the fraction of 3 -processed material is known from the C/He ratio, and assuming complete CNO cycling and 14 N ! 22 Ne conversion, it can be shown that there is insu cient orginal C+N+O to produce the observed Ne abundance. Neon can also be produced by simple -capture, 16 O( ; ) 20 Ne. However this reaction is supposedly ine ective during core helium burning and followed by 20 Ne( ; ) 24 Mg during shell burning. The overabundance of phosphorous poses a similar problem. 31 P can be produced by 27 Al( ; ) 31 P. However there is no evidence that there has been a su cient production of 27 Al to seed this process.
A more detailed examination of both Ne and P abundance problems will be made in a subsequent paper, as will the Si and S abundance patterns in EHe stars. In contrast to other EHes, silicon and sulphur are not enhanced relative to iron in LS IV+6 2.
VARIABILITY
A major motivation for this study of LS IV+6 2 is its similarity to three very important EHes, V652 Her, LSS 3184 and HD 144941. The rst two pulsate radially with periods of 2.5 hours. Pulsational instability is ubiquitous amongst high L/M helium stars at all Te (Saio & Je ery 1988) , but for log L=M < 4 occurs only for Te < 7 500K (cf. R CrB stars) and within a narrow band at Te 27 000K (Saio 1993) . The latter pulsation is driven by high opacity in metal-ionizing layers at T 2 10 5 K, the low L/M extent decreasing with decreasing metallicity (Saio 1995) . All three EHes mentioned above have similar Te and log g; the reason HD 144941 does not pulsate (Je ery & Hill 1996a) is that it has a very low metallicity (Z = 0:0002, . Meanwhile LS IV+6 2 has a similar L/M ratio to all three objects, but lies blueward of the predicted instability boundary (Fig. 4) . A major test of the pulsation models, and hence of modern calculations of stellar opacity (e.g. Iglesias et al. 1992 , Seaton et al. 1994 , is whether LS IV+6 2 is stable against opacity-driven radial pulsations. Radial velocities were obtained from the SAAO observations by cross-correlation relative to a template spectrum of HD 168476, for which the heliocentric velocity is well known (Walker & Hill 1985) . He i lines dominate both template spectra. All velocities and times were corrected to the heliocentric system.
The results are shown in Table 3 , where it will be seen that the scatter in the data represented by a standard deviation of 21 km/s is considerably greater than obtained for the variable star LSS3184 (Je ery & Hill 1996b ) during the same observing run in 1995. The errors quoted on individual measurements are formal errors derived from tting the peak of the cross-correlation function. Di erences between velocities obtained from successive observations on the same night could be attributed to observational scatter; it is not so easy to ascribe the larger night-to-night variations to the same cause, measurements of velocity standards and less variable helium stars gave much smaller residuals. Further observations are inevitably necessary to establish the timescale and amplitude of these variations; meanwhile these early results are tantalizing.
CONCLUSIONS
LS IV+6 2 is the hottest high-gravity extreme helium star so far known. Its photospheric abundances are entirely typical of the class as a whole, but further establish that there are di culties in accounting for both the neon and phosphorous abundances. LS IV+6 2 lies close to the boundary of the helium-star pulsational instability nger near 27 000K. Current data suggest that it is variable, but do not demonstrate whether pulsations are present. The importance of nLTE effects on the level populations of C ii in hot extreme helium stars has been demonstrated; the implications of this result require further study. 
